To assess the clinical, endoscopic, and functional results in a group of patients with Barrett's esophagus undergoing classic antireflux surgery in whom dysplasia and adenocarcinoma were found at a late objective follow-up.
Objective
To assess the clinical, endoscopic, and functional results in a group of patients with Barrett's esophagus undergoing classic antireflux surgery in whom dysplasia and adenocarcinoma were found at a late objective follow-up.
Summary Background Data
There have been isolated reports of patients with Barrett's esophagus undergoing antireflux surgery who show dysplasia or even adenocarcinoma on follow-up.
Methods
Of 161 patients undergoing surgery, dysplasia developed in 17 (10.5%) at late follow-up and adenocarcinoma developed in 4 (2.5%). These 21 patients represent the group assessed and were compared with 126 surgical patients with long-segment Barrett's in whom dysplasia did not develop. They were evaluated by clinical questionnaire, multiple endoscopic procedures and biopsy specimens, 24-hour pH studies, and 24hour bilirubin monitoring.
Results
Of the 17 patients with dysplasia, 3 were asymptomatic at the time that dysplastic changes appeared; all patients with adenocarcinoma had symptoms. Two patients (12%) in the dysplasia group had short-segment Barrett's; all patients with adenocarcinoma had long-segment Barrett's. Manometric studies revealed an incompetent lower esophageal sphincter in 70% of the dysplasia group, similar to nondysplasia patients with recurrence, and in 100% of the adenocarcinoma group. The 24-hour pH study showed pathologic acid reflux in 94% of the patients with dysplasia, similar to patients with recurrence without dysplasia, whereas bilirubin monitoring showed duodenal abnormal reflux in 86% of the patients. Among patients with dysplasia, three different histologic patterns were identified. All patients with adenocarcinoma had initially intestinal metaplasia, with appearance of this tumor 6 to 8 years after surgery.
Conclusions
Patients with Barrett's esophagus who undergo antireflux surgery need close and long-term endoscopic and histologic surveillance because dysplasia or even adenocarcinoma can appear at late follow-up. Metaplastic changes from fundic to cardiac mucosa and then to intestinal metaplasia and later to dysplasia or adenocarcinoma can clearly be documented. There were no significant differences in terms of clinical, endoscopic, manometric, 24-hour pH, and bilirubin monitoring studies between patients with recurrence of symptoms without dysplastic changes, and patients with dysplasia. Therefore, the high-risk group for the development of dysplasia is mainly the group with failed antireflux surgery.
Classic antireflux surgery is highly effective in patients with pathologic gastroesophageal reflux. [1] [2] [3] [4] [5] [6] However, among patients with Barrett's esophagus, these results are not so effective, and based on the length of follow-up, the recurrence rate of symptoms and complications can increase. We recently documented in two studies a high recurrence rate (60%) at a follow-up of almost 10 years; at 2 years this figure had been only 10%. 7, 8 The main concern in patients with Barrett's esophagus (defined as having intestinal metaplasia at the distal esophagus) is the eventual appearance of dysplastic changes and finally adenocarcinoma. In addition to our data, other such patients have been described in the population of patients with Barrett's undergoing antireflux surgery (Table 1) . 9 -22 The purpose of the present prospective study was to determine the incidence, the clinical and functional results, and the results of histologic studies in a group of patients with Barrett's undergoing classic antireflux surgery and in whom dysplasia or adenocarcinoma appeared at late follow-up, compared with similar patients in whom no dysplasia appeared at late follow-up.
PATIENTS AND METHODS

Patients
This prospective study, which started in March 1978 and ended in December 1992, included 161 patients with Barrett's esophagus who underwent classic antireflux surgery. Follow-up ended in December 1999. At late follow-up, dysplasia had developed in 17 patients (10.5%) in the specialized columnar epithelium lining the distal esophagus, and adenocarcinoma had developed in 4 patients (2.5%) in the distal esophagus. These 21 patients represent the group under study in the current assessment and were compared with the 126 patients who underwent the same antireflux surgery but in whom no dysplasia or adenocarcinoma had appeared at late follow-up. The other 14 patients not included in this study comprised 1 patient who died after surgery and 13 (8.1%) lost to follow-up. Patients with dysplasia or adenocarcinoma at the time of initial surgery were not included. To be included in this study, patients had to have several biopsy specimens taken distal to the squamocolumnar junction that excluded the presence of dysplasia at the time of the initial antireflux surgery. All of these patients had more than 3 cm of the distal esophagus lined by columnar epithelium. This study started in 1978, and the concept of Barrett's at that time included the presence of columnar-lined distal esophagus. Therefore, of the 161 patients, 5 had fundic mucosa and 8 had cardiac mucosa lining the distal esophagus. Given the present concept of Barrett's, only 148 patients (92%) had intestinal metaplasia before initial surgery.
Clinical Assessment
A careful clinical assessment was performed in each patient before surgery, asking about the presence of typical gastroesophageal reflux symptoms. They were graded on a scale from 1 to 3 according to previously described criteria. 23 For the late clinical evaluation, a modified Visick gradation was used: 24 Visick I, no symptoms; Visick II, mild or episodic symptoms, easily controlled by medical treatment or diet adjustment with no need for permanent medication; Visick III, frequent, daily symptoms requiring permanent medical treatment and frequent medical consultations; Visick IV, failure of surgery, with recurrence of reflux symptoms or severe symptoms requiring reoperation. Clinical recurrence was considered to be present when Visick grade III or IV was present at late follow-up.
Endoscopic Examination
Most of the endoscopic procedures were performed by two of the authors (A.C., I.B.), using an Olympus GIF XQ-20 endoscope (Olympus, Tokyo, Japan). Special care was taken to measure the exact location of the squamocolumnar junction at the beginning and end of the procedure, avoiding the "push and pull" effect of the endoscope. 25 The presence of an esophageal peptic ulcer was carefully determined 26, 27 and the location and size of the ulcer were also Dysplasia and Adenocarcinoma After Classic Antireflux Surgery measured. In case of a stricture, its internal diameter and length were also determined. In addition, several consecutive biopsy samples were taken distal to the squamocolumnar junction to determine the type of epithelium lining the distal esophagus (fundic, cardiac, or specialized epithelium with intestinal metaplasia). This procedure was performed in all patients before and several times after surgery. Endoscopic recurrence was defined when erosive esophagitis or active peptic ulcer was present at late follow-up.
Histologic Analysis
Four biopsy specimens were taken 5 mm distal to the squamocolumnar junction. Then, according to the endoscopic length of the Barrett's, four biopsy samples, each 2 cm distally, were taken at each endoscopic procedure. They were immediately submerged in a 10% formalin solution and sent for histologic examination. They were stained with hematoxylin and eosin and Alcian blue stain at pH 2.5. The type of epithelium lining the distal esophagus was carefully determined, including the presence of intestinal metaplasia. Fundic mucosa was identified by the presence of parietal and chief cells at the deep glandular layer. Cardiac mucosa was identified by the presence of mucous-secreting columnar cells. Specialized intestinal metaplasia was defined by the presence of well-defined goblet cells, confirmed by positive staining with Alcian blue at pH 2.5.
The finding of dysplasia at the specialized columnar epithelium was classified in accordance with previous reports. 28, 29 It was considered low grade if the nuclear cytoplasmic ratio was slightly increased with stratification of the underlining epithelium, with loss of polarities and mitotic figures with an increased nuclear cytoplasmic ratio. It was considered high grade if the above abnormalities were markedly present, with the addition of architectural changes such as glandular crowding and proliferation. Our protocol established that if any typical dysplastic change appeared, biopsy specimens were repeated 2 weeks later; only if the same changes appeared again was the patient was defined as having dysplasia.
Manometric Evaluation
Manometry was carried out after 12 hours of fasting with patients in the supine position; details have been published. 26, 27 All values were expressed in mm Hg. Three manometric characteristics of the lower esophageal sphincter were determined: resting pressure, total length, and abdominal length. This latter measurement was taken from the distal end of the sphincter up to the respiratory inversion point, the level at which the end-expiratory pressure changes from a positive to a negative deflection. 23, 30 In each patient three slow pull-throughs were obtained; therefore, the mean values were taken from 12 determinations per patient. The presence of a mechanically incompetent sphincter was defined if one of the following parameters was present: lower esophageal sphincter pressure 6 mm Hg or less, total length less than 20 mm, and abdominal length less than 10 mm. 30 The amplitude of the distal esophageal contractile waves was also determined.
Intraesophageal pH Study
The 24-hour intraesophageal pH test was performed after 12 hours of fasting. 31, 32 The catheter was introduced through the nose into the stomach (Digitrapper, Synectics, Stockholm, Sweden) and was then placed 5 cm above the manometric upper border of the lower esophageal sphincter (manometry was always performed before this procedure). From the six different parameters that could be evaluated, the most useful and practical was the percentage of time during which the intraesophageal pH was less than 4 (normal: Ͻ4% per 24 hours [55 minutes]).
Monitoring of Esophageal Exposure to Duodenal Juice
This 24-hour monitoring procedure has been developed to measure spectrophotometrically the intraluminal bilirubin concentration. 33, 34 It involves a portable opticoelectronic data logger (Bilitec 2000, Synectics) connected to a fiberoptic probe that is passed transnasally and positioned 5 cm proximal to the lower esophageal sphincter. This sensor is 3 mm in diameter and 140 cm long and contains 30 plastic optical fibers bonded together. The tip of the probe contains a 2-mm space for sampling. The light source is provided by two light-emitting diodes that emit a 460-nm signal light (blue spectrum) and a 565-nm reference light (green spectrum). They are stimulated alternately for a duration of 0.5 seconds. The specific wavelength of absorption for bilirubin is 453 nm, and this is highly reproducible despite pH changes produced by environment or food intake. It allows more than 5,400 measurements to be made during 24 hours. The final calculation is based on the percentage of time that bilirubin is measured in the esophagus with an absorbance of more than 0.2 (normal value: Ͻ2% [28 minutes]).
Statistical Analysis
For statistical evaluation we used the Fisher exact test, the chi-square test, and the Mann-Whitney test, with P Ͻ .05 as significant.
Surgical Procedure
Patients underwent classic posterior gastropexy and calibration of the cardia (130 patients) as described previously [35] [36] [37] [38] or Nissen 360°fundoplication (31 patients), associated with highly selective vagotomy in all.
RESULTS
The main clinical and endoscopic findings at the time of appearance of dysplasia or adenocarcinoma compared with patients without dysplasia are shown in Table 2 . Patients without dysplasia are separated into two categories (Visick grade I and II vs. grade III and IV) based on late follow-up at a mean of 6 years after surgery. Because of the small number of patients with adenocarcinoma (n ϭ 4), they were not included for statistical evaluation. Fifty-two patients were asymptomatic in Visick grade I or II (41.2%); 74 patients had recurrence of symptoms (58.8%) with Visick grade III or IV. There was no significant difference between the groups undergoing the two different surgical procedures (posterior gastropexy with calibration of the cardia [57% recurrence] or 360°fundoplication [61% recurrence]). In all groups men predominated. In 14 of 17 patients with dysplasia, symptoms of recurrent reflux were present, mainly severe heartburn or regurgitation. However, three patients (18%) had no symptoms and were completely asymptomatic (Visick I). Similarly, 5% of patients with Visick grade III or IV without dysplasia were asymptomatic despite clear endoscopic recurrence. All four patients with adenocarcinoma had reflux symptoms. The mean time for appearance of reflux symptoms after the initial surgery was 6 years for patients without dysplasia, 8 years for patients with dysplasia, and 6 years for patients with adenocarcinoma.
The main endoscopic findings showed that the squamocolumnar junction of patients without dysplasia with Visick grade I or II was significantly more distal than in patients without dysplasia with Visick grade III or IV or patients with dysplasia. The length of Barrett's was similar in all groups. Peptic ulcer and stricture were present in a similar proportion among patients with Visick grade III or IV with or without dysplasia.
The principal manometric and functional results at the time of appearance of dysplasia or adenocarcinoma are shown in Table 3 . Also in this table, patients with adenocarcinoma were not included in the statistical analysis because of the small number of patients evaluated. Patients without dysplasia in Visick grade I or II had significantly different values from patients with recurrence without dysplasia (Visick grade III or IV) or patients with dysplasia with respect to lower esophageal sphincter pressure, abdominal length of the sphincter, percentage of incompetent lower esophageal sphincter, acid reflux, and duodenal reflux into the distal esophagus. In the 24-hour pH studies, only 12.5% of patients with Visick grade I or II had an abnormal value, whereas 96% of patients in Visick grade III or IV without dysplasia, 93% of patients with dysplasia, and the only patient with adenocarcinoma evaluated had abnormal results. Although all patients with Visick grade I or II showed a pathologic duodenoesophageal reflux, the mean value was significantly lower compared with the other groups. Table 4 shows the main histologic findings, comparing symptoms at the time of recurrence and the length of Barrett's. In this group, seven patients had two endoscopic and biopsy evaluations after surgery, nine patients had three endoscopic evaluations, and one patient had four endoscopic and biopsy evaluations. Among the patients with dysplasia, two had short-segment specialized columnar epithelium. One of them was asymptomatic at the time of appearance of dysplasia. Among patients with long-segment columnar epithelium, there were two asymptomatic patients. The histologic findings distal to the squamocolumnar junction before the initial antireflux surgery showed three different patterns. Three patients had initially fundic mucosa, but 2 to 6 years later they showed a metaplastic change Dysplasia and Adenocarcinoma After Classic Antireflux Surgery to cardiac mucosa, then 2 years later they had a second metaplastic change to intestinal metaplasia, and 2 years later they showed low-grade dysplasia (6 -10 years after the initial surgery). Four patients had cardiac mucosa at the initial surgery. These patients 4 to 8 years later showed a metaplastic change to intestinal metaplasia; 2 to 4 years later two patients showed low-grade dysplasia and two others presented 5 and 10 years later with low-and highgrade dysplasia. In the third pattern, 10 patients had intestinal metaplasia in cardiac mucosa at the time of the initial surgery. In two of them, low-grade dysplasia developed 2 years after surgery, whereas eight had dysplasia 6 to 20 years after surgery. All four patients with adenocarcinoma initially had intestinal metaplasia with cardiac mucosa. One of them 4 years later developed high-grade dysplasia and 2 years later adenocarcinoma. In the other three patients, carcinoma developed 6 to 8 years after surgery.
DISCUSSION
These results suggest that in some patients with Barrett's esophagus who undergo antireflux surgery, dysplastic changes and even adenocarcinoma can be seen with late endoscopic and histologic surveillance. These changes can appear even in asymptomatic patients, showing that clinical evaluation alone is not enough; in addition, objective studies should be performed. Patients with dysplasia have similar clinical, endoscopic, and functional behavior compared with patients with Barrett's who have recurrence of symptoms at late follow-up (Visick grade III or IV) but who do not have dysplasia. We also show the metaplastic changes from fundic mucosa to cardiac mucosa, then to intestinal metaplasia, and later to dysplasia or even adenocarcinoma in sequential studies.
In studies examining patients undergoing surgery for Barrett's and their late follow-up, we have noticed that most authors combine patients without and with Barrett's in the same surgical group. We found 15 specific surgical reports concerning the surgical treatment of Barrett's and eventual regression or appearance of dysplastic changes or adenocarcinoma at late follow-up (see Table 1 ). Brand et al in 1980 9 described 10 patients with "columnar epithelium" treated with Nissen fundoplication. In four patients, regression to squamous epithelium occurred; in one patient (10%), adenocarcinoma developed 4 years after surgery. Six patients (60%) still had a positive acid reflux test. Skinner et al in 1983 10 reported 13 patients, but only 10 were followed up for 4 years. Of five patients without dysplasia, this histologic change appeared in one. Of another five patients with low-grade dysplasia, it disappeared in two. Twenty percent of patients had a positive acid reflux test. Starnes et al in 1984 11 reported eight patients with long-segment Barrett's treated by Nissen fundoplication. At 26 months of followup, they observed good results in 75% of patients, but adenocarcinoma developed in one patient (13%). Williamson et al in 1990 13 described 37 patients with long-segment "columnar epithelium" (it is not clear how many had intramuscular). At 5 years they found an 81% rate of symptomatic success, but positive pH studies were seen in 38% of the patients. In three patients (8%), adenocarcinoma appeared 1 to 10 years after surgery. All three patients seemed to have Dysplasia and Adenocarcinoma After Classic Antireflux Surgery follow-up was 6.5 years, with a symptomatic success rate of 81%. However, postoperative endoscopy was performed only once in 64% and not at all in the rest. In the control group, erosive esophagitis was present in 15% and persistent esophageal peptic ulcer in 14%. Radiologic studies could be done in 39 patients and showed hiatal hernia in 23% and reflux in 23%. In three patients, adenocarcinoma developed 1, 2, and 3 years after surgery. DeMeester et al in 1998 19 The summary of all these findings is shown in Table 1 . As can be seen, of the 15 reports, in 13 the number of operated patients is small (8 -56; mean 27), the follow-up is very short (1.5-5 years; mean 3.4), and no objective evaluations are presented, with few manometric data and only five with acid reflux test studies. What is more worrisome for us is the lack of endoscopic and biopsy follow-up. Dysplasia appeared at this short follow-up in seven reports in 3% to 11% of patients, and progression to adenocarcinoma after antireflux surgery was reported in eight reports in 2% to 13% of patients. We believe that these are convincing data showing that antireflux surgery can decrease but not obviate the risk of dysplasia or adenocarcinoma after classic antireflux surgery. In this study, we show that the longer the follow-up, the greater the possibility of such progression.
We compared clinical, endoscopic, and functional studies in three groups of patients undergoing the same antireflux surgery: patients without dysplasia who were asymptomatic (Visick grade I or II) at late follow-up; patients without dysplasia but with clinical or endoscopic recurrence at late follow-up (Visick grade III or IV); and patients in whom dysplasia appeared at late follow-up. To our knowledge, this is the first time that this kind of comparison has been performed. The results have shown that patients with recurrence (Visick grade III and IV) and patients with dysplasia have similar clinical, endoscopic, and functional behavior; the rates of recurrence of symptoms and the rates of endoscopic and functional failures in both groups were very similar. We found no significant differences comparing the surgical procedures (posterior gastropexy with calibration of the cardia or Nissen fundoplication), as we have reported previously. 7, 8 Therefore, it is impossible to distinguish early on patients with Barrett's who will go to develop dysplasia.
From a practical point of view, only close endoscopic and biopsy surveillance can detect dysplasia. Therefore, the "high-risk" group for the development of dysplasia is mainly the group with failed antireflux surgery, although 18% of the patients were asymptomatic. We postulate, as we have previously reported, 7,8 that in these patients with Barrett's, with a long history of symptomatic reflux, with a lower esophageal sphincter with great structural damage and dilatation, and with reflux of acid and duodenal contents into the distal esophagus, it is difficult to recreate a "normal" or physiologic sphincter. Antireflux surgery can work initially for some years, but after 5 years, the lower esophageal sphincter again becomes incompetent and injurious refluxate to the distal esophagus can recur. 7, 8 It is well known that reflux of duodenal contents into the esophagus can produce adenocarcinoma, 39 -42 and we believe that this could occur in these patients with Barrett's. That is why we have changed our surgical approach in patients with longsegment Barrett's with intestinal metaplasia: we now perform acid suppression (by vagotomy-partial gastrectomy) and duodenal diversion (by a Roux-en-Y loop 60 cm long), as will be reported elsewhere.
The other interesting finding of this prospective study is that we showed, probably for the first time in humans, the progression from fundic to a first metaplastic change to cardiac mucosa, then later a second metaplastic change to intestinal metaplasia, and 2 to 4 years later the appearance of low-grade dysplasia. In many of our patients, several endoscopic procedures and biopsy specimens were taken every 2 years; in this way we could follow the histologic changes. We stress again the importance of close endoscopic and biopsy surveillance in patients with Barrett's who undergo surgical treatment.
In summary, patients with Barrett's treated by classic antireflux surgery can progress to dysplastic changes and even to adenocarcinoma in some instances. Not all are symptomatic; therefore, close endoscopic surveillance is needed. We also outlined the metaplastic changes from fundic to cardiac and then to intestinal metaplasia at the distal esophagus.
